A "low-emissivity coating" is designed to improve the thermal insulating value of a window while permitting the passage of light. The ability of a low-emisSivity coating to suppress radiative heat transfer in a window is determined by its total hemispherical emissivity l.. For the closely spaced parallel-plate geometry of typical windows, l, is the only materials property appearing in the simplified equation of radiative heat transfer. This paper provides a method for determining l, given the more easily measured normal spectral emissivity lO>"
At room temperature, about 97% of the energy emitted by a blackbody falls within the wavelength range from 5 to 50 #Jm. Silica glass is completely opaque in this range, so that lO>. can be determined from reflectivity measurements alone. Spectrometers capable of measuring the near-normal spectral reflectivity 
Theory and Results
Fresnel's equations, found in any optics text, give the reflectivity (or emissivity) of any optically thick material. These equations are written in terms of the index of refraction n(>-) and extinction coefficient k(>-), and the angle of incidence. Closed-form expressions can be derived for £0 and (It under some conditions: At normal incidence for either metals or dielectrics
Hering and Smith [IJ give two expressions for £Il obtained by integrating Fresnel's equations over the hemisphere. For the special case of a perfect dielectric (k=O) the formula is exact:
In general, however, there is no exact solution and the assumption must be made that n For metals, Siegel and Howell [3J makes the assumption that n~k as predicted by the Hagen-Rubens approximation for wavelengths greater than about 5 #lm. If this were true, the curve k/n=I of Fig. 1 would represent all metals. Ordal [4J surveys the infrared optical constants of real metals at >-=lOJlm, showing that k always exceeds n by at least a factor of 2 with Ag the highest at k/n~13. Despite this wide variation in kjn, the metals, all having low emissivities, cluster together because all kjn curves converge as lO-+O.
-2- Two of the most common materials used in low-emissivity coatings are sputtered Ag metal and pyrolytically deposited semiconducting Sn02' Any optical property such as (a>. of a stack of semitransparent films on a bulk substrate can be calculated from the optical constants and film thickness [5] . The optical constants of thin films of Ag and In20a (similar to Sn02) were determined from spectral reflectivity -3-measurements using the Kramers-Kronig relations [6] . The onset of visible transparency in Ag occurs for films less than 40 nm thick. Useful semiconductor films are typicdly thicker by an order of magnitude.
Data for low-emissivity coatings based on these materials is included in Fig. 1 . When the reflect.ing layer is optically thick the emissivities are almost the same as in the bulk. As this layer decreases in thickness, the emissivities increase and cut across k/n contours. Eventually the dielectric substrate (glass in this case) dominates the overall behavior and the points swing upward towards the k/n=O curve.
Discussion
All of the data points for both metal and semiconductor-based coatings as well as bulk metals can be approximated by the following quartic series: o ..c. 
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